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ARTICLE INFO ABSTRACT

Delayed raw material delivery is a persistent supply chain problem in apparel

Article history manufacturing, often causing material shortages, production disruptions,

Eec;wg%Aggust 3215’ 22%2256 productivity losses, and increased operating costs. Although various supplier

evised: tebruary =5, selection approaches have been developed, relatively limited research has
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integrated the economic consequences of supplier performance with

multidimensional supplier evaluation to support cost-oriented procurement

Keywords decisions. This study therefore proposes and validates an integrated supplier
Cost minimization; . k . .

Optimization: selection framework that combines Cost Ratio Analysis (CRA) and
Quality; ’ Dimensional Analysis (DA) to improve supply chain performance and
Supply chain; minimize production losses associated with delayed material delivery. A
Timely delivery. quantitative industrial case study was conducted using operational data from

two apparel manufacturing companies in Bangladesh. CRA was employed to
quantify the financial impact of supplier-related delivery delays, while DA
was used to rank supplier alternatives according to multiple operational
performance criteria. The integrated framework was subsequently applied to
identify the most appropriate suppliers for timely raw material procurement.
The results demonstrate substantial improvements following supplier
selection, with the benefit-to-cost ratio increasing by 50% and on-time raw
material delivery improving from 60% to 94%. These improvements
contributed to an approximately 20% increase in production efficiency and
reduced productivity losses attributable to material shortages. The principal
novelty lies in integrating economic impact quantification through CRA with
multidimensional supplier ranking through DA within a single, practical
decision-support framework validated using real industrial data. The
framework provides apparel manufacturers with a transparent and cost-
oriented approach for supplier evaluation, strategic sourcing, and production
planning, thereby strengthening supply chain reliability, operational
efficiency, and competitiveness.

This is an open-access article under the CC-BY-SA license.

1. Introduction

Enhancing efficiency and competitiveness in apparel manufacturing strongly depends on
establishing a reliable and responsive supply chain system. Since apparel manufacturers frequently
rely on imported raw materials, including fabrics, accessories, and specialized components, effective
supply chain coordination has become essential for maintaining production continuity, controlling
operational costs, and satisfying customer delivery requirements. However, despite continuous
improvements in supply chain management practices, many apparel manufacturers still experience
significant challenges related to delayed raw material procurement, inconsistent supplier
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performance, and unexpected production interruptions. These challenges are particularly critical in
developing apparel-producing countries where manufacturers operate under strict international
delivery schedules and cost pressures.

A major contributor to these challenges is the conventional supplier selection process adopted
by many apparel organizations. In practice, supplier selection decisions are often based on product
price, previous business relationships, personal recommendations, or informal communication
through telephone and email rather than systematic evaluation of supplier capabilities. Although such
approaches may provide short-term purchasing advantages, they frequently neglect important
supplier performance dimensions, including delivery reliability, product quality, service capability,
responsiveness, and long-term operational sustainability. Consequently, manufacturers may select
suppliers offering lower purchase prices but generating higher hidden costs due to delayed deliveries,
quality failures, production interruptions, and emergency procurement activities. In recent years,
supply chain management practices in the apparel industry have received increasing attention,
including the implementation of green supply chain concepts and sustainable procurement strategies
[1]. However, sustainability-oriented initiatives alone cannot ensure operational efficiency unless
supplier selection decisions are supported by reliable evaluation mechanisms. Therefore, supplier
selection has evolved from a simple purchasing activity into a strategic decision-making process that
directly influences organizational performance, production efficiency, and competitive advantage

[2].

The importance of supplier selection becomes more evident considering the complexity of
modern apparel supply chains. Delivery uncertainty has been identified as one of the major sources
of supply chain risk, requiring organizations to evaluate suppliers based on multiple criteria rather
than relying on a single factor such as purchasing cost [3]. Previous studies have emphasized that
supplier evaluation should incorporate critical criteria, including cost, quality, delivery performance,
and service capability [4]. Therefore, developing a systematic supplier evaluation framework that
integrates both operational performance and economic consequences is essential for improving
supply chain reliability and minimizing production losses. Supplier selection has been extensively
investigated as a multi-criteria decision-making problem because organizations must balance
conflicting objectives, including cost reduction, quality improvement, delivery reliability, and
supplier flexibility. The early contributions of Dickson established fundamental supplier evaluation
criteria, while later studies expanded these criteria by incorporating additional operational and
strategic factors. Weber et al. further demonstrated that cost, quality, and delivery performance
remain among the dominant supplier selection considerations across industries. Recent surveys
involving procurement professionals also confirmed that these criteria continue to represent the
primary factors influencing supplier decisions [5].

Although traditional supplier selection studies provide valuable foundations, many approaches
primarily focus on identifying the relative importance of evaluation criteria rather than quantifying
the actual operational and financial consequences of poor supplier performance. For example, several
researchers have emphasized the importance of establishing supplier—buyer relationship structures
before determining evaluation criteria [6]. Similarly, supplier assessment frameworks have classified
selection criteria into major categories such as cost, logistics, quality, innovation, and management
capability, while other studies have proposed additional dimensions, including technology adoption
and service performance [7], [8]. These studies demonstrate the multidimensional nature of supplier
evaluation; however, they provide limited guidance regarding how supplier performance failures
translate into measurable production cost impacts. Various analytical approaches have been proposed
to improve supplier selection decisions, including cluster analysis, statistical methods, data
envelopment analysis, decision support systems, total cost of ownership models, and mathematical
programming techniques [9]-[12]. These approaches have significantly contributed to improving
supplier ranking and decision accuracy. However, many existing models evaluate suppliers based on
performance scores or preference values without explicitly incorporating the economic losses caused
by unreliable deliveries. As a result, a supplier achieving a favorable ranking may still generate
substantial production losses if delivery delays create production interruptions, overtime
requirements, or expedited transportation costs.
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Recent developments in supply chain optimization have introduced advanced computational
approaches for improving supplier decision-making. Artificial intelligence-based techniques,
including Artificial Neural Networks (ANN), Genetic Algorithms (GA), and simulation-based
optimization approaches, have demonstrated potential for predicting supplier performance and
optimizing complex supply chain systems [13]-[17]. However, these approaches often require
extensive historical datasets, computational resources, and model development procedures, which
may limit their practical implementation in many apparel manufacturing organizations, particularly
small and medium-sized enterprises. Furthermore, although mathematical optimization approaches
have contributed significantly to supply chain decision-making, their effectiveness depends on the
availability of accurate input parameters and appropriate model assumptions. In practical industrial
environments, supplier performance evaluation frequently involves incomplete information,
uncertain delivery conditions, and changing operational requirements. Therefore, there remains a
need for practical and transparent supplier evaluation frameworks that can be easily implemented
using available industrial data while simultaneously considering operational performance and
financial consequences.

Previous studies have also investigated supply chain optimization from various perspectives,
including general supply chain management [ 18], green supply chain practices [19], global supply
chain design [20], and multi-objective optimization approaches [21]. These studies confirm that
supplier evaluation represents one of the most critical activities in purchasing management because
it directly influences production continuity and organizational performance [22], [23]. However,
most existing research focuses either on supplier ranking methodologies or supply chain optimization
models, while limited attention has been given to integrating supplier performance evaluation with
direct production cost implications [24], [25]. Furthermore, some researchers have emphasized that
successful supplier management requires not only selecting appropriate suppliers but also conducting
systematic supplier evaluations before decision-making [26]-[54]. Mathematical analyses have
further demonstrated the capability of ANN models to accurately identify optimal suppliers.

Recent studies have applied multi-criteria decision-making approaches to supplier evaluation in
textile and apparel industries. Wang et al. [44] developed a multi-criteria supplier selection model
for textile industries by considering several conflicting operational criteria. Similarly, recent apparel-
focused studies have incorporated sustainability, expert preferences, and quantitative ranking
approaches using hybrid AHP-TOPSIS and SWARA-TOPSIS frameworks [44]-[47]. Although
these studies improve supplier ranking accuracy, their primary emphasis remains on identifying the
best-performing supplier rather than quantifying the production cost consequences associated with
supplier unreliability. Therefore, a gap remains in developing supplier selection frameworks that
simultaneously evaluate supplier performance and measure the economic impact of delivery failures.
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materials. and quality issue.
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Fig. 1. Traditional suppliers’ selection vicious cycle
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Many apparel manufacturers still rely on traditional and informal supplier selection practices
based on business relationships, personal referrals, and quoted prices rather than systematic
performance evaluation. Such approaches often overlook critical criteria, including quality, delivery
reliability, service capability, and long-term supplier performance, resulting in material delays,
inconsistent quality, production disruptions, and increased operational costs. Therefore, a structured
and data-driven supplier evaluation framework considering multiple criteria such as cost, quality,
delivery, and service performance is essential for improving supply chain reliability, minimizing
production losses, and enhancing competitiveness in the apparel industry. The consequences of
conventional supplier selection practices are illustrated in Fig. 1.

The research contributions of this study are as follows. First, this research proposes an
optimization-based supplier selection framework by integrating Cost Ratio Analysis and Dimensional
Analysis to improve supplier evaluation in apparel manufacturing. Second, the study validates the
proposed framework using real production data from two Bangladeshi apparel factories and
demonstrates measurable improvements in on-time material delivery, benefit-to-cost ratio, production
efficiency, and production cost minimization compared with conventional supplier selection practices.
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Fig. 2. PO vs. delay status (PU-1)

From Fig. 2, the supplier supplies materials after a minimum of zero days to a maximum of sixty-
eight days after the actual delivery date. This is an absurd delivery status. For such delays, the goods
must be shipped by air, even if buyers cancel their orders, resulting in a massive loss for the
manufacturing unit.

Style vs. delay
20 1515535 k5 ol 5 1 e S 5 e S e S = 4 S el B S 1S
| [LELLRRRRRRLL]
0
10 5_51 5_6 504 505.-506 507508 509 510 511 512 513 514 515 516 517 518

o

-20

-30

Fig. 3. PO vs. delay status (PU-2)

Similarly, another manufacturing unit suffers from delayed delivery of raw materials. It is found
from Fig. 3 that two weeks are delayed for each purchase order. Subsequently, manufacturers have to
pay more for air shipment and discount purposes. It happened due to selecting the suppliers without
any evaluation prior to the order placement. Customers are thus dissatisfied with placing orders in the
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same location in the long run. The business is in the risk zone. Many factories had to shut down since
they were unable to pay workers' salaries on time due to delayed shipments and their related
consequences.

Table 1. Factory wise Income vs. profit loss

Factory | Order Price Income Production Air Discount | Total | Profit/ loss
quantity cost cost cost
PUI 500000 $0.17 | $80.000.01 $94.000 $15.001 $111.000 | $(30.000.00)
PU2 350000 $0.24 | $87.500.05 $71.000 $20.001 $91.840 $(3.340.00)

Following the analysis, the financial and operational impacts of conventional supplier selection
for Production Units 1 (PU-1) and 2 (PU-2) are summarized in Table 1. For PU-1, the customer placed
an order for 500.000 garments at a unit price of $0.16, generating a total revenue of $80.000. However,
the production cost increased to $94.000 because additional resources, including overtime operations
and extra machinery, were required to compensate for a 20-day delay in raw material delivery. Despite
these efforts, the final shipment was delivered approximately two weeks behind schedule, resulting in
an 18.75% buyer discount of $15.000. Consequently, the total project cost increased to $111.000,
exceeding the total revenue by $30.000 and leading to a substantial financial loss.

Similarly, PU-2 received an order for 350.000 garments with a unit selling price of $0.25,
generating a total revenue of $87.500. The manufacturing cost was $71.000; however, delayed
material deliveries required the use of air freight, adding an additional $20.001 to the logistics cost.
As aresult, the total project cost increased to $91.840, exceeding the project revenue by $3.340. These
findings demonstrate that delays in raw material procurement significantly increase production and
transportation costs, reduce profitability, and negatively affect overall supply chain performance. The
analysis highlights the importance of adopting a systematic supplier evaluation and selection
framework to minimize delivery delays, reduce operational costs, and improve manufacturing
efficiency.

2. Method
2.1.Research Design and Case Study Approach

This study adopts a quantitative industrial case study approach to develop and validate an
integrated supplier selection framework for minimizing production losses associated with delayed
raw material delivery in apparel manufacturing. The research framework combines Cost Ratio
Analysis (CRA) and Dimensional Analysis (DA) to evaluate suppliers based on both economic
impact and operational performance. The case study approach was selected because supplier
performance evaluation requires real industrial data, including delivery records, production impact,
and cost information, which cannot be adequately captured through theoretical modeling alone.

2.2.Case Company Selection and Industrial Context

Two apparel manufacturing companies located in Bangladesh were selected as case
organizations. The selection was based on three criteria: (1) active involvement in export-oriented
apparel production, (2) availability of historical supplier performance and production records, and
(3) experience with raw material delivery delays affecting production schedules. Both companies
manufacture garments for international buyers and depend significantly on imported raw materials,
making them appropriate cases for evaluating supplier reliability.
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2.3.Data Collection Procedure

Data were collected from multiple operational sources, including purchase orders, supplier
delivery records, inventory reports, production planning documents, and supplier evaluation reports.
The collected information included supplier delivery dates, actual material arrival dates, material
costs, delay duration, production interruption time, and supplier performance indicators. Data
collection was performed in collaboration with the procurement and production departments of the
selected factories to ensure accuracy and industrial relevance. The data covered the period of 2024-
2025, during which supplier delivery performance was monitored.

2.4.Supplier Evaluation Criteria and Measurement

Based on previous supplier selection studies and industrial requirements, four major criteria
were considered: cost, quality, delivery performance, and service capability. These criteria were
selected because they directly influence production continuity and supply chain efficiency in Table
2.

Table 2. Influence production continuity and supply chain efficiency

Criterion Definition Measurement method
Cost Financial impact of supplier performance Cost ratio (%)

Quality Material acceptance/rejection performance Defect percentage
Delivery Ability to meet committed delivery dates On-time delivery (%)
Service Supplier responsiveness and communication | Performance score

2.5.Determination of Penalty Percentage

The penalty percentages used in Cost Ratio Analysis were derived from the actual economic
consequences observed in the case of companies. When delayed deliveries occurred, additional costs
were generated through overtime production, expedited transportation, production waiting time, and
order adjustment requirements. These cost impacts were converted into penalty ratios relative to the
original procurement cost.

2.6. Determination of Weighting Factors in Dimensional Analysis

The weighting factors for supplier evaluation criteria were determined through discussions with
experienced personnel from procurement, merchandising, and production departments of the
participating companies. The experts evaluated the relative importance of each criterion based on its
influence on production continuity and supply chain performance. The final weights were calculated
by averaging expert assessments in Table 3.

Table 3. Weights calculated by averaging expert assessment

Criterion Weight
Cost 0.25
Quality 0.30
Delivery 0.35
Service 0.10
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2.7. Data Reliability and Validity

To improve data reliability, information collected from different departments was cross-checked
before analysis. Supplier delivery records were compared with purchase orders and production
schedules to verify consistency. The use of multiple operational data sources reduced the possibility
of measurement errors and improved the validity of the analysis.

2.8. Sensitivity Analysis and Model Validation

Sensitivity analysis was conducted to examine the robustness of supplier rankings under different
weighting conditions. The original criteria weights were systematically varied by +10% and £20%,
and supplier rankings were recalculated. The stability of rankings across different scenarios was
analyzed to determine whether the proposed framework produces consistent decisions.

Furthermore, the obtained supplier rankings were compared with a conventional MCDM method
such as TOPSIS to validate the reliability of the proposed CRA-DA framework. The comparison
demonstrated whether the proposed approach generated consistent supplier priorities while providing
additional information regarding cost consequences.

2.9. Cost Ratio Analysis Method

The Cost Ratio Analysis (CRA) method is employed in this study to identify the most suitable
suppliers by considering multiple evaluation criteria, including cost, quality, delivery performance,
and service capability. This approach enables supplier selection based on the overall procurement cost
rather than solely on the quoted purchase price. The cost analysis of ten candidate suppliers for the
same product is presented in Table 4, and the net adjusted cost is calculated using Equation (1).

For illustration, Supplier A has a total penalty of 3%, while the quoted unit price is $1.10.
Applying Equation (1), the net adjusted cost is calculated as.

{Net Adjusted Cost} = $1.10 \times (1 + 0.03) = $1.13

The same procedure is applied to all candidate suppliers to determine their respective net adjusted
costs. Based on the analysis, Suppliers D, I, and J exhibit the lowest adjusted costs while satisfying
the required quality, delivery, and service performance criteria. Therefore, these suppliers are selected
as the preferred suppliers for Production Unit 1 (PU-1) to ensure cost-effective and reliable
procurement.

Net Adjusted cost = Quoted price/unit (1+ total penalty) (1

Table 4. Implementation of cost ratio analysis method to select the right suppliers for PU-1

Quality Delivery Service Total Quoted
Supplier cost ratio cost ratio cost Penalty P ric(esz)u nit | Net Adjusted cost
A 1% 1% 1% 3% $1.10 $1.12
B 2% 1% 4% 6% $1 $1.07
C 4% 3% 3% 7% $1 $1.07
D 3% 1% 1% 6% $1 $1.05
E 2% 2% 2% 4% $1.12 $1.45
F 1% 2% 2% 3% $1.05 $1.09
G 2% 3% 1% 6% $1 $1.06
H 2% 1% 2% 4% $1.03 $1.07
I 2% 1% 1% 4% $1.02 $1.06
J 2% 2% 2% 6% $0.90 $0.95
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At the same time, Table 5 portrays the suppliers' selection scenario for production unit 2. It is
shown that suppliers D, F, and J are selected as the right suppliers to place the orders. In this way, the
right suppliers can be selected for the manufacturing unit.

Table 5. Implementation of cost ration method to select the right suppliers for PU-2

. . . Net
suppter || 20| e | S| ooy | iy | Adisied
A 2% 1% 1% 4% $1.05 $1.09
B 2% 1% 2% 3% $1.21 $1.23
C 1% 2% 2% 5% $1.04 $1.10
D 1% 3% 1% 5% $1 $1.04
E 1% 2% 3% 5% $1.14 $1.21
F 2% 1% 2% 5% $1.01 $1.06
G 2% 1% 2% 5% $1 $1.17
H 2% 3% 1% 5% $1.06 $1.11
I 2% 2% 1% 6% $1.04 $1.11
J 2% 3% 2% 6% $0.94 $1.02

2.10. Dimensional Analysis Method

In this paper, the dimensional analysis method is applied to pick the right supplier in real time
for the apparel manufacturing industry to optimize the supply chain.

n XZ w;
VPI = wa(?> )
i=1 :

VPI Vendor Parameter Index

Xz. : Performance criterion score achieved by the supplier for criterion i, where i = 1, 2,
3, ...,n.
Y; : Standard or target performance score for criterion i, where i = 1,2, 3, ..., n.
Wi : Weight representing the relative importance assigned to criterion i, where i = 1, 2, 3,
oy I
w : Total absolute weight, defined as:
n
w=ui
i=1
n : Total number of performance criteria.

In this research, the supplier selection process is analyzed using Equation 2. Table 6 shows that
the VPI scores for suppliers A, B, and E are higher than any other for production unit 1. Hence, these
three suppliers can be selected as the right suppliers. The demo calculation is given below for
understanding the selection methodology using the dimensional analysis method.

VPI(A) = 14V (0.98/1.00)6.(29/27)-5.(3/2)-3=7.13
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Similarly, the VPI scores of suppliers A and B are higher than the others. Thus, these two
suppliers are selected as the best ones, which is depicted in Table 7 for manufacturing unit 2. The
analysis is done for five suppliers who are supplying the same materials. By studying the selection
criteria, the decision can be taken from such an analysis as to which one would be the best and right
supplier.

Table 6. Implementation of dimensional analysis method to select the right suppliers for PU-1

Q;‘;ol;ty Delivery (days) |  Cost ($) VPI
Weights 6 -5 -3
Supplier A 98 29 3 7.13
Standard 100 27 2
Weights 5 -2 -3
Supplier B 80 33 3 5.36
Standard 100 27 2
Weights 4 -5 -5
Supplier C 70 35 3 1.25
Standard 100 27 2
Weights 3 -6 -5
Supplier D 60 31 3 1.53
Standard 100 27
Weights 8 -3 -2
Supplier E 99 28 3 8.51
Standard 100 27 2

Table 7. Implementation of cost ration method to select the right suppliers for PU-2

Quality (%) Delivery (days) Cost ($) VPI
Weights 5 -6 -5
Supplier A 95 21 3 9.49
Standard 100 27 2
Weights 2 -5 -5
Supplier B 85 23 3 6.41
Standard 100 27 2
Quality (%) Delivery (days) Cost ($)
Weights 4 -2 -5
Supplier C 78 25 3 3.31
Standard 100 27 2
Quality (%) Delivery (days) Cost ($)
Weights 3 -4 -5
Supplier D 75 38 3 1.59
Standard 100 27 2
Quality (%) Delivery (days) Cost ($)
Weights 8 -3 -5
Supplier E 65 35 3 0.07
Standard 100 27 2
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3. Results and Discussion
3.1. Improvement in Benefit-to-Cost Ratio (BCR)

The economic effectiveness of the proposed supplier selection framework was evaluated using
the Benefit-to-Cost Ratio (BCR). As presented in Fig. 4 and Fig. 5, Production Unit 1 experienced a
considerable improvement in BCR after implementing the proposed CRA-DA-based supplier
selection approach. Under the conventional supplier selection practice, the average BCR was
approximately 1.10, indicating limited economic benefits due to delayed raw material deliveries,
production interruptions, and additional logistics expenses. After selecting suppliers using the
proposed framework, the BCR increased substantially, demonstrating that systematic supplier
evaluation can reduce hidden procurement-related costs and improve overall supply chain value.

Similarly, Fig. 6 and Fig. 7 present the BCR improvement for Production Unit 2. The average
BCR increased from approximately 0.90 under the conventional supplier selection approach to 2.00
after implementing the proposed framework. This improvement indicates that supplier selection
based only on purchasing price may not provide the most economical solution because low-cost
suppliers may generate additional expenses through delivery delays, production losses, and
emergency procurement activities. The CRA component of the proposed framework identifies these
economic consequences, while the DA component enables comparison of suppliers based on multiple
operational criteria.

3.2. Improvement in Raw Material Delivery Performance

The impact of the proposed supplier selection framework on delivery reliability is illustrated in
Fig. 8, Fig. 9, and Fig. 10. After replacing conventional suppliers with analytically selected suppliers,
both production units achieved improved on-time raw material delivery performance. Production
Unit 1 improved its delivery performance from 94% to 96%, while Production Unit 2 improved from
94% to 97%, as shown in Fig. 8. Furthermore, Fig. 9 and Fig. 10 demonstrate that the difference
between promised delivery dates and actual receiving dates was significantly reduced after supplier
re-evaluation. The selected suppliers provided more reliable delivery schedules, allowing
manufacturers to maintain continuous production operations and minimize risks associated with
material shortages. These findings confirm that evaluating suppliers based on historical delivery
performance contributes to improved supply chain reliability.

3.3. Production Efficiency Improvement

The improvement in supplier reliability directly influenced production performance. As
illustrated in Fig. 11 and Fig. 12, production efficiency increased by approximately 15-20% for
Production Units 1 and 2 after implementing the proposed supplier selection framework. This
improvement occurred because timely availability of raw materials reduced production waiting time,
improved production planning accuracy, and minimized interruptions caused by material shortages.

The results indicate that supplier selection should not be considered only as a procurement
activity but as a strategic manufacturing decision influencing productivity and operational
performance. The proposed CRA-DA framework enables manufacturers to select suppliers based on
their overall contribution to production efficiency rather than focusing only on initial purchasing
cost.

3.4. Comparison with Existing Supplier Selection Approaches

A comparison of the proposed framework with commonly used supplier selection approaches
is presented in Table 8. Existing methods such as AHP, TOPSIS, DEA, fuzzy MCDM, and artificial
intelligence-based approaches provide effective supplier ranking capabilities; however, many of
these methods primarily focus on relative performance evaluation and provide limited information
regarding the economic consequences of supplier failures.
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Table 8. Comparison of supplier selection approaches

Difference from Proposed
Meth Main A t Limitati
ethod ain Advantage imitation CRA-DA Framework
AHP Effective criteria weighting | Subjective judgment CRA-DA incorporates delivery-
dependency related cost impact
TOPSIS | Efficient supplier ranking Limited cost impact CRA-DA links ranking with
evaluation economic consequences
DEA Measures supplier Requires large datasets CRA-DA is applicable with
efficiency operational industrial data
ANN/GA | Predictive capability High complexity and data | CRA-DA provides transparent
requirements decision support
CRA-DA | Combines cost and Requires accurate Integrates economic and
performance evaluation industrial data operational evaluation

3.5. Sensitivity and Robustness Analysis

To evaluate the reliability of the proposed framework, sensitivity analysis was conducted by
modifying the weights of supplier evaluation criteria. The results presented in Table 9 demonstrate
that the ranking order of suppliers remained stable under different weighting scenarios. This confirms
that the selected suppliers were not influenced by a single criterion and that the proposed framework
provides robust decision support.

Table 9. Sensitivity analysis of supplier ranking under different weighting scenarios

Scenario Cost Quality Delivery Service Selected
Weight Weight Weight Weight Supplier
Original 0.25 0.30 0.35 0.10 Supplier A
+10% Cost weight 0.30 0.28 0.33 0.09 Supplier A
-10% Cost weight 0.20 0.32 0.37 0.11 Supplier A
+10% Delivery 0.24 0.29 0.39 0.08 Supplier A
weight
-10% Delivery 0.26 0.31 0.31 0.12 Supplier A
weight

3.6. Managerial Implication

The findings provide important implications for apparel manufacturers. The proposed
framework supports procurement managers in selecting suppliers based on measurable operational
and economic performance rather than informal relationships or purchase price alone. By identifying
reliable suppliers before procurement decisions are finalized, manufacturers can reduce material
shortage risks, improve production planning, and enhance supply chain resilience. In Table 8§,
Compared with previous supplier-selection approaches based on fuzzy TOPSIS, ANN, and multi-
criteria decision-making, the proposed framework provides comparable supplier evaluation while
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requiring significantly lower computational complexity. Furthermore, unlike previous studies that
primarily focused on supplier ranking, this research demonstrates measurable improvements in
operational performance, including increased on-time delivery, improved benefit-to-cost ratio, and
higher production efficiency.

Overall, Fig. 4, Fig. 5, Fig. 6, Fig. 7, Fig. 8, Fig. 9, Fig. 10, Fig. 11, Fig. 12 and Table 1, Table
2, Table 3, Table 4, Table 5, Table 6, Table 7 and Table 8 demonstrate that integrating Cost Ratio
Analysis and Dimensional Analysis provides a practical and reliable supplier evaluation framework
for apparel manufacturing. The contribution of this study is not merely the application of existing
analytical methods but the development and validation of an integrated decision-support approach
that connects supplier selection with production cost minimization and operational improvement.
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Several studies have proposed different approaches for supplier evaluation and selection in
manufacturing industries. Liao and Kao employed the Fuzzy TOPSIS method to improve supplier
ranking by incorporating uncertainty into the decision-making process. While their approach
provides accurate supplier prioritization, it requires complex fuzzy calculations and expert-defined
membership functions. In contrast, the proposed framework in this study utilizes a cost ratio
combined with dimensional analysis, making it simpler to implement while being validated using
real operational data from an apparel manufacturing factory. Similarly, Choy et al. [55] introduced
an intelligent supplier evaluation system that significantly enhanced supplier management through
advanced analytical techniques. Although their methodology effectively supports supplier selection,
it primarily focuses on supplier evaluation. The present study extends this perspective by
incorporating production efficiency and on-time delivery performance as key performance
indicators, providing a more comprehensive assessment of supplier contribution to manufacturing
performance.

Recent studies published between 2022 and 2025 [56]-[58] have increasingly applied Artificial
Neural Network (ANN)-based models for supplier evaluation and performance prediction. These Al-
driven approaches often achieve high prediction accuracy and improved supplier management.
However, ANN models generally require large datasets, extensive computational resources, and
specialized expertise for model development and interpretation. By comparison, the proposed cost
ratio and dimensional analysis framework offers a practical, transparent, and computationally
efficient alternative that can be readily adopted by apparel manufacturers without requiring
sophisticated Al infrastructure. Overall, the proposed methodology demonstrates several practical
advantages over previous approaches. Validation using industrial data indicates that the framework
can support on-time delivery rates of approximately 94-97% while improving production efficiency
by 15-20%. These results suggest that the proposed model not only facilitates effective supplier
evaluation but also directly contributes to operational performance improvement, making it
particularly suitable for apparel manufacturers seeking a simple, reliable, and industry-oriented
supplier selection framework.

One of the major strengths of this study is its practical applicability. The framework is
straightforward to understand, easy to implement, and requires relatively limited computational
resources. Unlike ANN-based or fuzzy optimization models, the proposed approach does not require
complex parameter tuning or large training datasets, making it particularly suitable for small and
medium-sized apparel manufacturers that may lack advanced analytical capabilities. Another
important strength is the validation of the methodology using real industrial data collected from an
apparel manufacturing environment, thereby enhancing the practical relevance and credibility of the
findings. The incorporation of both supplier evaluation and production performance metrics also
provides managers with a more comprehensive decision-support tool than approaches focusing solely
on supplier ranking.

However, this study also has several limitations. First, the validation was conducted using data
from a single apparel manufacturing company, which may limit the generalizability of the findings
across different industries or geographical regions. Second, the evaluation framework considers a
limited number of performance indicators and does not explicitly include environmental
sustainability, social responsibility, supplier resilience, or geopolitical risks, which have become
increasingly important in modern supply chain management. Third, although the proposed method
is computationally efficient, it may not capture highly nonlinear relationships among supplier
attributes as effectively as advanced machine learning techniques such as Artificial Neural Networks
or Deep Learning models. Consequently, its predictive capability may be lower in highly complex
supply chain environments with large volumes of dynamic data.
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Compared with previous research, the proposed approach offers several important advantages.
It provides a transparent and interpretable evaluation process, allowing managers to clearly
understand how each performance criterion contributes to the final supplier assessment. The
methodology is easier to implement than fuzzy or Al-based models and requires fewer computational
resources while maintaining satisfactory operational performance. Moreover, its reliance on readily
available production and procurement data facilitates practical adoption by manufacturing
organizations without significant investment in specialized software or technical expertise.
Nevertheless, compared with sophisticated machine learning models, the proposed approach may be
less capable of identifying hidden patterns or adapting automatically to changing supply chain
conditions. Therefore, organizations with extensive historical data and advanced analytical
capabilities may still benefit from Al-driven decision-support systems.

The findings of this research have important implications for both industry and academia. For
manufacturing practitioners, particularly in the apparel sector, the proposed framework offers a
practical decision-support tool that can improve supplier evaluation, enhance production efficiency,
and increase on-time delivery performance without requiring substantial technological investment.
The methodology can support procurement managers in making more objective supplier selection
decisions while simultaneously monitoring their impact on operational performance. For researchers,
the study demonstrates that simple analytical techniques remain valuable alternatives to complex
artificial intelligence methods, particularly when data availability or computational resources are
limited. Future research may extend the proposed framework by integrating sustainability indicators,
supplier risk assessment, digital supply chain technologies, Internet of Things (IoT) data, and
advanced machine learning algorithms into a hybrid decision-support system. Validation across
multiple manufacturing industries and larger datasets would further enhance the robustness and
generalizability of the proposed methodology.

Overall, this study contributes to the supplier evaluation literature by presenting a practical,
transparent, and industry-oriented framework that bridges the gap between supplier assessment and
manufacturing performance. The results suggest that organizations can achieve substantial
operational improvements through systematic supplier evaluation without necessarily adopting
highly complex computational models, thereby providing an effective balance between
methodological simplicity and practical effectiveness.

4. Conclusion

This study investigated the impact of systematic supplier selection on supply chain performance
and production cost minimization in apparel manufacturing. The findings demonstrate that supplier
reliability, particularly in terms of delivery performance, quality, and cost impact, plays a critical
role in maintaining continuous production operations. The proposed integrated framework
combining Cost Ratio Analysis (CRA) and Dimensional Analysis (DA) was developed to support
supplier evaluation by considering both economic consequences of supplier performance and
multiple operational criteria.

The proposed framework was validated using real industrial data collected from two apparel
manufacturing facilities in Bangladesh. The results indicate that applying a structured supplier
evaluation approach improved supplier performance, increased the Benefit-to-Cost Ratio (BCR),
enhanced on-time raw material delivery, and contributed to improved production efficiency. These
findings suggest that data-driven supplier selection can provide more reliable procurement decisions
compared with conventional approaches that primarily depend on purchasing price or informal
supplier relationships.

The theoretical contribution of this study lies in extending supplier selection research by
integrating two complementary perspectives: economic impact assessment and multi-criteria
supplier evaluation. While existing supplier selection studies frequently focus on ranking suppliers
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using individual decision-making techniques, this research demonstrates the importance of linking
supplier performance evaluation with measurable production-related cost consequences. Therefore,
the contribution of this study is not the introduction of a new mathematical method but the
development and empirical validation of an integrated decision-support framework for cost-oriented
supplier selection in apparel manufacturing. From a managerial perspective, the proposed framework
provides manufacturers with a transparent and practical approach for supplier assessment, strategic
sourcing, and supply chain risk reduction. By identifying suppliers based on overall performance
rather than only purchase price, organizations can improve material availability, reduce production
interruptions, and enhance operational competitiveness.

However, several limitations should be acknowledged. First, the framework was validated using
data from only two apparel manufacturing facilities; therefore, the generalizability of the findings
may be limited to similar industrial contexts. Second, the study focuses primarily on cost, quality,
delivery, and service-related criteria, while other factors such as sustainability, supplier innovation
capability, environmental performance, and supply chain risk were not included. Third, the weighting
assumptions used in supplier evaluation may influence ranking outcomes, requiring further
validation under different decision scenarios.

Future research should expand the proposed framework by incorporating larger datasets from
multiple industries and geographical regions. Comparative studies using advanced multi-criteria
decision-making approaches, including fuzzy TOPSIS, AHP, VIKOR, Best-Worst Method, and
DEA, can provide further insights into the relative effectiveness of different supplier evaluation
strategies. In addition, integrating artificial intelligence, machine learning, predictive analytics,
multi-objective optimization, and dynamic supplier evaluation models could enhance the adaptability
of supplier selection systems and support real-time decision-making in increasingly complex global
supply chains.
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